Abstract
inhibits bacterial ATP synthase and represses cellulose production [26] [27] [28] , and is considered 109 as a clue to reveal bacterial pathogens adapted to an intramacrophage stage [28, 29] . In 110 addition, a recent study has implicated OprF in the ability of otopathogenic P. aeruginosa 111 strains to survive inside macrophages [24] . OprF is an outer membrane porin that can 112 modulate the production of various virulence factors of P. aeruginosa [30, 31] .
114
In the present study, we investigated the fate of P. aeruginosa within macrophages 115 using wild-type PAO1 strain, which lacks ExoU, as well as mgtC and oprF mutants. We also 116 explored, for the first time, the regulation of T3SS genes when P. aeruginosa resides inside 117 macrophages. The T3SS and ExoS effector, whose expression was found to be modulated by 
Results

122
Intracellular P. aeruginosa can promote macrophage lysis 123 We previously visualized fluorescent P. aeruginosa residing within fixed macrophages [23] .
124
To investigate the fate of P. aeruginosa after phagocytosis in a dynamic way, we monitored observation of infected macrophages up to 3 hrs showed cell lysis with time (Fig 1) , which 130 can be attributed to intracellular bacteria since gentamicin was retained throughout the 131 experiment. No lysis of uninfected cells present in the same field was observed (Fig 1 and S1 
132
Fig), as expected from an event due to intracellular bacteria rather than extracellular bacteria.
133
The cell lysis appeared to be a rapid event as shown by the movie (S1 Movie).
135
We further examined intracellular P. aeruginosa within macrophages in more detail 136 using transmission electron microscopy (TEM). J774 macrophages infected with wild-type 137 PAO1 strain, were subjected to fixation at early time post-infection (30 min after 138 phagocytosis) or at later time of infection (3 hrs after phagocytosis). After phagocytosis, P.
139 aeruginosa was present in membrane bound vacuoles inside macrophages (Fig 2A) . At a later 140 time point, some bacteria could be found in the cytoplasm with no surrounding membrane,
141
suggesting disruption of the vacuole membrane (Fig 2B) . The infected macrophage was 142 damaged, displaying no pseudopodia, highly condensed chromatin and membrane blebbing.
143
Healthy infected cells were also observed, where bacteria were mostly found in vacuoles 144 partially or totally filled with heterogeneous electron dense material, suggesting that the 145 vacuole has fused with lysosomes ( Fig 2C) . We further examined the association between 
164
Similarly to mgtC mutant, PAO1 oprF mutant was found deficient for intracellular survival in Few infected cells appeared lysed due to the loss of cortical actin staining (Fig 3A) , which 
194
Expression of pcrV and exoS genes was highly reduced in the oprF mutant (Fig 4) . Strikingly, 195 the mgtC mutant also exhibited significantly reduced expression of these two T3SS genes (Fig   196   4 ), although to a lesser extent than the oprF mutant, indicating an unexpected interplay 197 between MgtC and T3SS. On the other hand, fliC expression was not altered in both mutants. (Fig 6A and B) . To address the 219 implication of T3SS effector proteins more specifically, we used exoS and exoSTY mutants.
220
The intracellular lysis of macrophages was found to be reduced for the triple mutant exoSTY 221 and to a similar extent for the exoS mutant (Fig 6A and B) . Although the lysis by exoS mutant 222 strain was substantially higher than that of pscN mutant, these results suggest that the T3SS- Cumulatively, our results support a T3SS-dependent vacuolar escape for P. 262 aeruginosa, leading to the localization of bacteria in the cytoplasm and cell lysis as depicted 263 in the proposed model (Fig 8) . and we describe a novel strategy used by P. aeruginosa to escape from macrophages that 279 relies on a T3SS-dependent cell lysis induced by intracellular bacteria (Fig. 8) .
281
Using electron microscopy, we demonstrate that upon phagocytosis, P. aeruginosa 282 PAO1 strain resides in membrane bound vacuoles, whereas a cytosolic location can be 283 observed at later time of infection, which corroborates the observation of an otopathogenic P. Our data indicate that the T3SS-mediated cytotoxicity driven by intracellular P.
309
aeruginosa is largely dependent on the ExoS effector. In addition, the extent of phagosomal 310 escape of pscN and exoSTY mutants was similar to that of exoS mutant alone, suggesting that
311
ExoS is the main effector protein involved in the exit of P. aeruginosa from the phagosome. 
Materials and methods
349
Bacterial strains and growth conditions 350 Bacterial strains and plasmids are described in Table 1 Sciences (USA) and solvents were from Sigma. Images were processed using Fiji software. 
LDH cytotoxicity assay
433
The cytotoxicity was assessed by release of lactate dehydrogenase (LDH) from infected J774 434 macrophages infected, using the Pierce LDH cytotoxicity assay kit (Thermo Scientific).
435
Macrophages were infected for 2 hrs at an MOI of 10 as described above, except that cells
436
were seeded in a 96 well plate and extracellular bacteria were not removed. 
RNA extraction and quantitative RT-PCR (qRT-PCR)
444
For bacterial RNA extraction from infected J774, 6.5x10 6 macrophages were seeded into a Table S1 . were used to infect J774 cells. After phagocytosis, DMEM containing 300 µg/ml of amikacin
